Objectives: Target populations with persistent polypharmacy should be identified prior to implementing strategies against inappropriate medication use, yet limited information regarding such populations is available. The main objectives were to explore the trends of excessive polypharmacy, whether transient or persistent, at the individual level. The secondary objectives were to identify the factors associated with persistently excessive polypharmacy and to estimate the probabilities for repeatedly excessive polypharmacy.
INTRODUCTION
Polypharmacy, usually conceptualized as concurrent use of multiple medications, has raised concerns in recent decades. Evidence has supported the association of polypharmacy with various adverse outcomes, including increased risks of inappropriate prescribing (Fialova and Onder, 2009 ), drugdrug interactions (Delafuente, 2003) , adverse drug reactions, non-adherence, falls, functional decline, hospitalization, and mortality among patients, especially the elderly (Maher et al., 2014) . Specifically, long-term use of multiple medications has been found to occur more frequently in cases of adverse drug reactions such as acute renal failure (Chang et al., 2012) . The incidence of polypharmacy among patients soars with increasing age (particularly among those more than 65 years old), as do the number of chronic health conditions (Payne et al., 2014) and the number of prescribing physicians (Delafuente, 2003; Green et al., 2007) . The number of concurrent medications taken per person most commonly used to define polypharmacy is five, while the cutoff value ranges from two to eleven (Masnoon et al., 2017) . In some studies, concomitant use of ten medications or more has been defined as "hyperpolypharmacy, " "excessive polypharmacy, " or "severe polypharmacy" (Masnoon et al., 2017) . The more medications a patient takes, the higher risk he or she develops adverse drug events (Green et al., 2007) . To address polypharmacy, evidence-based interventions for improving medication management are crucial.
A Cochrane systematic review published in 2015 demonstrated that multi-faceted pharmaceutical care approaches or computerized decision support could reduce inappropriate prescribing to old people with polypharmacy (Cooper et al., 2015) . Validated tools (such as the Medication Appropriateness Index (Hanlon et al., 1992) , Beers' criteria (By the American Geriatrics Society 2015 Beers Criteria Update Expert Panel, 2015) , Screening Tool of Older Person's Prescriptions (STOPP)/Screening Tool to Alert doctors to Right Treatment (START) (O'Mahony et al., 2015) were used for the identification of inappropriate medication among elderly patients. The reliability of the conclusions of the review, however, was limited by the small sample sizes of the included studies. "Deprescribing", another measure aimed at appropriate prescribing, first consists of the careful review of a patient's medication history, the identification of inappropriate medications, the negotiation with patients about deprescribing plan to discontinue drugs, the switching of drugs or reducing of dosages, the regular review and monitoring of treatment plan, and supporting patients (Woodward, 2003) , and was subsequently defined as medication withdrawal in the elderly (Iyer et al., 2008) and then as the cessation of long-term therapy (Le Couteur et al., 2011) . Although the deprescribing process had been reported to be effective in improving medication adherence while reducing financial costs and adverse drug reactions (Woodward, 2003) , evidence derived from large-scale trials is still lacking. To date, there is a lack of standardization regarding the optimal intervention in cases of polypharmacy. Arguments exist between those taking the view that "less medication is more" (Scott et al., 2015) and those who view polypharmacy as a necessary evil (Wise, 2013) . In fact, several medical guidelines [e.g., those for chronic heart failure (Yancy et al., 2017) ] require treatment with multiple medications to achieve the optimal clinical effect. As such, it can be argued that appropriate polypharmacy, that is, when medicines are prescribed according to best evidence and the utilization of them has been optimized, could extend life expectancy and maintain quality of life (Duerden et al., 2013) . However, most studies related to polypharmacy management have focused on reducing the number of medications instead of on the identification of appropriate polypharmacy or inappropriate underprescribing (Cooper et al., 2015) .
Polypharmacy exists in the general community (Fried et al., 2014) , long-term care facilities, outpatients, and inpatients (Maher et al., 2014) , and people with free healthcare coverage have been found to gave a greater risk of polypharmacy than those without free health care (Richardson et al., 2014) . Such drug prescription/utilization patterns are prevalent in Taiwan and generate great burdens in terms of healthcare financing under the current National Health Insurance (NHI) program, which offers universal coverage to beneficiaries. One recent study found that 81.0% of disabled elderly Taiwanese received five or more medications per prescription, that 38.1% received ten or more medications per prescription, and that 32.5% had persistently received five or more medications per prescription (≥181 days) within 1 year (Chan et al., 2009) . In 2012, the Ministry of Health and Welfare in Taiwan announced that the "ratio of prescriptions containing more than ten drug items over all prescriptions" during ambulatory visits would be viewed as one of the healthcare quality indicators in the "Act of Openness of Healthcare Quality Information within the NHI." The policy contains implicit coercion with respect to reducing the number of medications prescribed to all beneficiaries. In this context, it is necessary to identify those people who constitute groups at high risk for persistent and inappropriate polypharmacy before undertaking the deprescribing of medications (Bushardt et al., 2008) . However, a lack of evidence regarding the characteristics and patterns of patients with inappropriate polypharmacy has contributed to universal application of the policy to beneficiaries without sufficient differentiation.
Past studies have mostly focused on the negative effects of inappropriate medication use or the positive health outcomes resulting from medication withdrawal . Some studies conducted in other countries have specified the target population for medication cessation. A longitudinal study in the Netherlands found that the initial number of long-term drugs, age, diabetes, coronary ischemic diseases, and hypertension were strong predictors for the development of polypharmacy among the elderly (Veehof et al., 2000) . There is, however, a relative scarcity of studies that have examined the occurrence of polypharmacy and its association with time on individual levels. In this study, we examined excessive polypharmacy, defined as ten or more medications per prescription per ambulatory care visit, longitudinally at the individual level from a nationwide perspective. The main objectives were to explore the type of excessive polypharmacy, that is, transient or persistent, seen among ambulatory patients with polypharmacy at healthcare facilities of all levels, from the point of the initial prescription indicating excessive polypharmacy until the end of the observation period. The secondary objectives were to identify the risk factors of and to estimate the probabilities and time intervals for repeatedly excessive polypharmacy, because doing so may allow for the identification of specific populations that are likely to benefit from preventive measures.
MATERIALS AND METHODS

Data Collection
We obtained the claims datasets of a 1,000,000-person cohort (Longitudinal Health Insurance Database 2000, LHID2000) from the National Health Research Institutes in Miaoli, Taiwan, which had managed all of the archived claims of the NHI program in Taiwan (Cheng, 2003; Bureau of National Health Insurance in Taiwan, 2017) . The 1,000,000-person cohort was randomly sampled from those beneficiaries who had been insured under the NHI program from 1995 to 2000. Their claims data from 1996 to 2013 were collected together to form a longitudinal dataset for research use. Those who were born or initially insured after 2000 would not be included in these cohort datasets. Any identifying data for the patients and healthcare facilities included in the datasets have been encrypted to protect privacy.
For the analysis in this study, we used only two types of files included in the cohort datasets: ambulatory visits and prescriptions. A record in the ambulatory visit file contains the data for a single, including the patient's identification number, date of birth, sex, date of visit, visited specialty, duration of drug supply, and three fields for diagnoses coded according to the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM). A record in the prescription file represents one prescribed drug item. Different brands, strengths, and forms of each drug are officially assigned a unique code for claims. A single visit may thus be associated with the prescriptions of several drug items, and the two types of files are linked with each other through common key fields.
The conduct of the study had been approved by the institutional review board (2013-04-005E) of Taipei Veterans General Hospital, Taipei, Taiwan.
Study Design
Because individual beneficiaries might enter into or drop out of the NHI program at any time, our analysis was limited to those beneficiaries who still had non-emergent ambulatory visits for Western medicine after 2000, while the visits for dentistry and traditional Chinese medicine were not taken into consideration. Furthermore, the analysis also excluded those beneficiaries, foreigners in most cases, whose sex was not noted or otherwise 1 https://nhird.nhri.org.tw/ clearly indicated in their claims files. Among the remaining beneficiaries, we then identified those who had polypharmacy for the first time after 2000 and were at least 18 years old. Polypharmacy was operationally defined as the inclusion of ten or more drug items in one prescription with a drug supply duration of more than 7 days. Within the NHI, a maximum of 7 days of drug supply can be prescribed for illness other than chronic diseases. Therefore, we effectively excluded visits made merely for acute illnesses. Furthermore, if a given drug was prescribed more than once with different directions, e.g., t.i.d. (ter in die) for one instance and h.s. p.r.n. (hora somni pro re nata) for another, it was viewed as one drug item.
For the patients with first-time excessive polypharmacy, we computed their frequency distributions in terms of sex, age, and principal diagnosis at the time of the first prescription of excessive polypharmacy. The age distribution was divided into one of three age groups: young (between 18 and 39 years old), middle-aged (between 40 and 64 years old), and old (65 years old or older). The principal diagnosis in ICD-9-CM was further reclassified into one of nearly 200 primary diagnoses adopted by the National Ambulatory Medical Care Survey (NAMCS) and National Hospital Ambulatory Medical Care Survey (NHAMCS) data in the United States (e.g., ICD-9-CM codes 430-438 were reclassified as cerebrovascular disease, 401 as essential hypertension) (Schappert and Burt, 2006) .
To investigate whether and how soon excessive polypharmacy reappeared, we determined the amount of time that passed between the first and second prescriptions of excessive polypharmacy for each beneficiary with excessive polypharmacy. If a second prescription of excessive polypharmacy did not occur, we instead determined the amount of time that passed between the first prescription of excessive polypharmacy and the last ambulatory visit. That is, we used survival analysis to assess the probability of having or not having repeatedly excessive polypharmacy, where the second prescription of excessive polypharmacy was the event, the duration between the first and second prescriptions of excessive polypharmacy was the time to event, and the data were right-censored. The patient's sex and age group were used to estimate the probabilities of repeatedly excessive polypharmacy during the full 13-year observation period.
Qualitative Analysis
Descriptive data for the patients with first-time excessive polypharmacy occurring after 2000 and at an age of 18 years or older are presented herein. The relevant computations were undertaken with the Perl programming language (version 5.26.1.1, Perl Foundation, Walnut, CA, United States 2 ). We used the Pearson's chi-square test to compare the occurrences of repeatedly excessive polypharmacy. Furthermore, we created survival curves and estimated the distributions of repeatedly excessive polypharmacy with the Kaplan-Meier estimator. The log-rank test was used to test whether there was a difference between survival curves stratified by sex or age group. A twosided p value < 0.05 was regarded as statistically significant. In total, 5.36% of the people (n = 37,703) with ambulatory visits had excessive polypharmacy for the first time and had received one or more prescription(s) of excessive polypharmacy at an age of 18 years or older during the period from 2001 to 2013. Men (5.5%, n = 19,444) had a higher rate of firsttime excessive polypharmacy than women (5.2%, n = 18,259) (χ 2 = 24.1, p < 0.001). The first prescriptions of excessive polypharmacy were distributed in each year, and the average age at the first prescription of excessive polypharmacy was 64.2 ± 14.7 years old, with those receiving a first prescription of excessive polypharmacy consisting of 2,222 young people (0.6%), 15,507 middle-aged people (5.9%), and 19,974 old people (23.7%) (χ 2 = 7200, p < 0.001) ( Table 1) . More than three-fifths (62.3%, n = 23,495) of the first prescriptions of excessive polypharmacy were issued by internists, followed by family physicians (16.9%, n = 6,355), neurologists (8.4%, n = 3,166), and surgeons (4.1%, n = 1,544) ( Table 2 ). The top five primary diagnoses most frequently seen at the first prescriptions of excessive polypharmacy were diabetes mellitus (13.6%, n = 5,141), essential hypertension (11.6%, 3 https://www.r-project.org/ n = 4,392), other malignant neoplasms (7.8%, n = 2,931), other heart disease (7.1%, n = 2,661), and cerebrovascular disease (6.2%, n = 2,322) ( Table 3) . Among all the people with polypharmacy, there was an average of 6.1 ± 10.1 prescriptions of excessive polypharmacy, although 13,619 (36.1%) people received only one prescription of excessive polypharmacy. Men exhibited a slightly greater tendency to have repeated prescriptions of excessive polypharmacy than women [64.5% (12,550/19,444) vs. 63.2% (11,534/18,259) , p < 0.001], while the disparities for repeated prescriptions of excessive polypharmacy were more striking among young people (49.6%, 1,102/2,222), middle-aged people (61.9%, 9,602/15,507), and old people (67.0%, 13,380/19,974) (p < 0.001). The probability of having no repeated prescription of excessive polypharmacy was 59.9% at 3 months after the first prescription, 53.6% at 6 months, 48.1% at 1 year, and 43.1% at 2 years. The median times to repeated prescription of excessive polypharmacy or the last ambulatory visit were 5.5 (95% CI: 5.3-6.1) months in men, 9.4 (8.7-10.1) months in women, 35.0 (26.2-62.4) months in young people, 10.1 (9.2-11.0) months in middle-aged people, and 5.29 (4.86-5.52) months in old people. While the respective Kaplan-Meier curves for men and women of having no repeated prescription of excessive polypharmacy ran close together, the curves for young people, middle-aged people, and old people were more widely separated (Figure 1) . Furthermore, both the estimated survival curves of no repeatedly excessive polypharmacy between sex groups and age groups showed significant differences by log-rank test (χ 2 = 91.7, p < 0.001 and χ 2 = 432, p < 0.001, respectively).
DISCUSSION
In Taiwan from 2001 to 2013, repeated prescriptions of excessive polypharmacy (defined as a prescription with ten or more drug items in the present study) in a non-emergent visit among
Frontiers in Pharmacology | www.frontiersin.org (Schappert and Burt, 2006) . individuals who had already experienced first-time polypharmacy mostly occurred among specific groups: men, the elderly, patients with chronic disease(s) (i.e., diabetes mellitus, essential hypertension, heart disease, and cerebrovascular diseases) or cancer(s), and patients with visits at internists. Within half a year, half of the male patients and half of the old patients with exhibited first-time excessive polypharmacy were likely to have repeatedly excessive polypharmacy. In comparison, female patients, middle-aged patients, and young patients were less likely to have repeatedly excessive polypharmacy than their male and elderly counterparts. More than one-third of the individuals with exhibited first-time excessive polypharmacy exhibited no repeatedly excessive polypharmacy during the study period. The probability of having no repeated prescription of excessive polypharmacy decreased with time, but nearly half of the studied patients still remained excessive polypharmacy-free 1 year after their initial excessive polypharmacy.
Our results revealed that the incidence of first-time excessive polypharmacy and the occurrence of repeatedly excessive polypharmacy were slightly higher among men than women in Taiwan. Moreover, half of the men had repeatedly excessive polypharmacy sooner, that is, by nearly 4 months, than half of the women. In contrast, studies in the United States and Scotland found that women were more likely to have polypharmacy than men (Qato et al., 2008; Payne et al., 2014; Cashion et al., 2015) . The difference between the rates of polypharmacy may be explained by different help-seeking behaviors among the genders in the United States and Scotland versus Taiwan. One nationwide study found that Taiwanese women tended to make ambulatory care visits more frequently than men (45.7% vs. 34.5%, ≥ 13 visits per person in a year) (Chen et al., 2006) . Specifically, older Taiwanese women with higher education levels were more likely to choose multiple sources of health care (Liu and Liu, 2010) . In other words, the shared number of drug items in one prescription would decrease by dividing a larger number of visits among the women in Taiwan. Therefore, caution should be used in interpreting the evidence provided in this study and making comparisons between countries with various cultural backgrounds.
Meanwhile, the patients identified as exhibiting first-time excessive polypharmacy were distributed disproportionately among different age groups, such that the incidence increased drastically with age (0.6% for young people, 7.6% for middleaged people, and 23.67% for old people). Also, the old patients had the shortest intervals for repeatedly excessive polypharmacy, followed by the middle-aged patients then the young patients. These findings were not surprising because the risk of multi-comorbidity increases with increasing age, so does physiopathological deterioration (Milton et al., 2008) . Besides aging, the medical problems of diabetes mellitus, essential hypertension, heart disease, cerebrovascular disease, and cancer were also predictors of newly developed excessive polypharmacy in Taiwan. For patients with a history of four previous chronic diseases, the prescriptions of multiple medications were aimed at achieving optimal outcomes via aggressive treatment according to evidence-based guidelines, even though clinical guidelines focused exclusively on individual conditions may increase the risk of problematic polypharmacy (Emslie-Smith et al., 2003; Guthrie et al., 2012) . At the same time, for patients with cancer, for example, the prescription of multiple regimens for therapeutic effect and symptom relief would generally be deemed reasonable. The frequency distribution of specialists who prescribed patients' first prescriptions of excessive polypharmacy was generally consistent with the health conditions that the given specialists would typically be charged with treating. Internists were particularly noteworthy in terms of prescribing multiple medications, possibly because they are relatively likely, in comparison to other types of specialists, to encounter complex health conditions, seeing the highest proportion of such cases among practicing physicians across specialties in Taiwan (20.8% for internists, 7.7% for family physicians, 2.2% for neurologists, and 8.3% for surgeons in 2013) (Taiwan Medical Association, 2014) . This relatively high rate of excessive polypharmacy prescriptions from internists may also be due in part to the fact that there are no specific residency programs related to medication management for specialties other than geriatrics FIGURE 1 | Probabilities of having no repeated prescription of excessive polypharmacy among patients, stratified by sex or age groups (both p < 0.001 by log-rank test), 2001-2013. or family medicine in Taiwan. Nevertheless, the occurrence of polypharmacy in Taiwan was similar to the rates in other countries. In the United States, 29% of community-dwelling older adults (that is, those aged 57 to 85 years) had concurrent use of five or more prescription medications (Qato et al., 2008) . In Scotland, the prevalence of polypharmacy was around onefifth (16.9% received four to nine regular medications in 1 year, and 4.6% received ten or more medications) among adults in primary care settings according to a population-based data analysis (Payne et al., 2014) . In Germany, 26.7% of the older patients (that is, those aged 70 years or more) used five or more chronically prescribed drugs (Junius-Walker et al., 2007) . However, detailed comparisons of the rates of polypharmacy between countries are challenging due to discrepant definitions and various healthcare systems. In the current study, we ruled in patients with polypharmacy using a relatively strict definition, i.e., the inclusion of ten or more drug items in one prescription, and excluded patients with previously identified excessive polypharmacy.
Our most important finding was that, within the 13-year period covered by the study, most of the cases of excessive polypharmacy were not persistent, meaning they were not repeated in a short period of time (i.e., 6 months), at individual levels. To our knowledge, this is the first time that the rates of excessive polypharmacy among Taiwanese adults have been calculated and tracked longitudinally using survival analysis. One possible explanation for the above finding is that the drug utilization and help-seeking behaviors among patients might have been problem-or disease-oriented in general, rather than being medication-oriented. Since we tried to rule out acute illnesses by excluding medications prescribed with only short-term supplies, only medications for subacute and chronic conditions were generally considered. Among the onethird of the patients with only one instance of exhibited excessive polypharmacy, the need for the use of multiple medications may well have disappeared because their problems were transient. For the two-thirds of the patients with repeatedly excessive polypharmacy, the probabilities of having no excessive polypharmacy decreased sharply within 2 years after the first prescription of excessive polypharmacy. In general, patients in stable condition could receive continuous prescriptions for chronic diseases for 3 months at most from physicians in Taiwan. However, more than half of these patients did not have excessive polypharmacy within three or 6 months of the initial excessive polypharmacy, which indicated that their clinical conditions were not in need of regular use of multiple medications. Another possible explanation is that patients might seek medical help from other types of specialists after having specific health conditions were confirmed. Otherwise, some patients with a newly diagnosed or worsening chronic disease might have experienced unsatisfactory therapeutic effects (including intolerable side effects) after increasing their medication regimens. In any case, it can be concluded that, in general, long-term concurrent use of ten or more medications was not a "necessity" for most patients.
Furthermore, the rates of first-time excessive polypharmacy among patients changed from year to year and there were no consistent trends noted. From 2012 to 2013, the policy for setting the threshold of medications per prescription seemed to have a limited effect on the development of excessive polypharmacy because the overall rate was still higher than in previous years, i.e., from 2005 to 2010. This finding may be explained by delayed or ineffective interventions taken by the healthcare facilities in order to tackle the issue of polypharmacy, at least within a relatively short period of time; however, the long-term effects of such policies should be evaluated further. Another possible explanation is that the help-seeking behaviors and perceived need for medical treatment among patients may remain unchanged if there is no effective deprescribing intervention being applied to the system. However, the policy seeking to limit polypharmacy also raise some potential concerns. First, it does not differentiate between appropriate and inappropriate prescribing, or indicate quality of care, and a crudely enacted decrease in the prescription of drug items may raise the risks of undertreatment and underprescription (Kuijpers et al., 2008) , as well as the risk of medication-related disagreements between doctors and patients (Junius-Walker et al., 2007) . Secondly, the policy seeks to limit the concurrent use of multiple medications for transient needs, which may result in fragmentation of care and overall polypharmacy. For instance, patients could engage in "doctor shopping, " i.e., frequent visits to and switching of physicians, in order to meet their medical needs because co-payments are cheap and there is no existing limitation set on access to ambulatory care (including referrals) under the current NHI program in Taiwan (Chen et al., 2006) . Another study showed that patients in Taiwan would increase their medical visits to various sites in order to acquire more zolpidem pills despite the government setting related prescribing limitations (i.e., frequency and amount) for physicians (Lu et al., 2015) . Therefore, we propose that it may not be necessary to restrict drug items per prescription across the general public. Instead, comprehensive deprescribing interventions should be applied to target patients (such as male patients and old patients) or physicians (such as internists) in high-risk groups for utilizing or prescribing problematic polypharmacy. Evidence has proved that approaches such as shared decision making between patients and healthcare providers; providing infrastructural support for the coordination and continuity of care (Bemben, 2016) , especially for multi-morbidity patients (Duerden et al., 2013) ; and educational programs on deprescribing for physicians are effective in improving problematic polypharmacy.
In the current study, we mainly examined the patterns of excessive polypharmacy, the probability of having repeatedly excessive polypharmacy and its association with time, and their related factors. The classification of medications, prescribing appropriateness as measured by explicit tools (e.g., Beers' criteria) (Cooper et al., 2015) , and the outcomes of polypharmacy were beyond the scope of our study. The retrospective sample data also did not include data regarding some variables that would affect the use of drugs, such as educational levels (Qato et al., 2008) , so potential confounding factors could not be controlled. Data regarding certain demographic factors, such as individuals' economic statuses (Payne et al., 2014) or geographic variations (Cashion et al., 2015) that had been considered associated factors for polypharmacy were also not considered in the current study. Moreover, patients with various health conditions or disease severities in their subsequent ambulatory visits, emergency department visits, and hospitalizations or deaths were not considered. In addition, our study also had some limitations that might lead to the underestimation of the instances of excessive polypharmacy. Firstly, we excluded prescriptions with drug supply durations of 7 days or less in order to only consider prescriptions for chronic conditions, but those short-term medications aimed at managing chronic diseases were not identified in detail. Secondly, data on overthe-counter medicines or dietary supplements which were not covered by the NHI program were not included in the database. Thirdly, we did not consider the prescriptions from visits to dentists or traditional Chinese medicine practices. Collective polypharmacy resulting from having prescriptions from visits to various physicians at one time was also beyond the scope of this study. Further analysis of the relationship between persistently excessive polypharmacy and the presence of comorbidities should be explored in future study. In addition, we studied the patterns of excessive polypharmacy among patients with first-time excessive polypharmacy, so information regarding patients with previously existing excessive polypharmacy was not considered.
Despite these limitations, our study demonstrates both the transient and persistent trends of excessive polypharmacy among certain groups and their associations with time. The findings of the present research provide a systemic understanding of excessive polypharmacy and its changes in terms of prescription/utilization over time. For policymakers, as well as for clinicians, it is important to follow the trends in polypharmacy and to tailor deprescribing measures on an individual level according to patients' needs and risks. Our results can contribute to the modification of healthcare policy and the research and development of medication management to improve the prescribing of polypharmacy.
CONCLUSION
Our findings indicate that the occurrence of excessive polypharmacy was transient and would not re-appear within 6 months among most patients, with the exception of men and old people. Instead of applying coercive policies regarding the maximum number of medications a physician can prescribe to all patients, regardless of their needs, tailored deprescribing interventions should be considered for targeted application among identifiable high-risk groups.
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